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With the outbreak of Coronavirus (2019) (COVID-19), as of late March 2020, understanding how the cause of
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) transmitted is one of the most important
questions that researchers are seeking to answer; because this effort helps to reduce the spread of disease. The
COVID-19 is highly transmissible and deadly. Despite "tracking the call" and carefully examining patient contact,
it is not yet clear how the virus is transmitted from one sick person to another. Why it is so transmissible? Can
viruses be transmitted through speech and exhalation aerosols? How far can these aerosols go? How long can an
aerosol containing a virus stay in the air? Is the virus amount in these aerosols enough to lead to an infection?
There is no consensus on aerosols’ role in the transmission of SARS-CoV-2. Findings show that SARS-CoV-2
aerosol transmission is possible. Therefore, to effectively reduce SARS-CoV-2, precautionary control strategies
for aerosol transfer should be considered. Our aim is to review the evidence of the aerosol transmission con-

taining SARS-CoV-2.

1. Introduction

The unprecedented pandemic of the COVID-19 poses a threat to
public health worldwide. There is widespread agreement between
members of the infectious disease community, about possible methods
of transmitting the respiratory virus (Tellier et al., 2019; Morawska and
Cao, 2020). A person becomes susceptible to infection through "direct”
or "indirect" physical contact with the touch of a virus-infected hand.
Direct contact indicates that the virus is transmitted through
person-to-person contact (such as handshake) between an infected host
and a susceptible person. While indirect contact means transmission
through "fomite", which is caused by contact with an object such as a
paper tissue or hand-rail that has been infected with a virus. On the other
hand, airborne transmission can occur through two different modes and
does not require physical contact between an infected person and a
susceptible person (Lindsley et al., 2013; Bourouiba, 2020). During
sneezing or coughing, a "droplet spray" of virus-laden airway fluid,
usually more than 5 pm in diameter, directly affects a susceptible per-
son. Alternatively, a susceptible individual can inhale microscopic par-
ticles and aerosol evaporated from the remaining solid components of
the respiratory aerosol, which are droplets tiny enough (<5 pm) to stay
airborne for hours. That is not clear which mechanisms play a major role
in COVID-19 transmission. Much research on airborne diseases before

the COVID-19 has focused on "exhalation" events such as coughing and
sneezing (Lindsley et al., 2013; Bourouiba et al., 2014; Dhand and Li,
2020). There is now strong evidence; although many infected people
who transmit the COVID-19 either at least symptomatic or are not at all
symptomatic. In China, asymptomatic individuals were found to be
positive for the SARS-CoV-2, and transmission of the virus from
asymptomatic carriers has been identified (Chan et al., 2020; Zou et al.,
2020; Hu et al., 2020; Rothe et al., 2020). Recently, epidemiologists
have estimated that more than 85 % of infections in China (Wuhan),
were "undocumented" prior to the travel restrictions, with "limited, mild
or no symptoms" and never they were tested. Remarkably, the modeling
shows that 79 % of cases are actually infected by undocumented peo-
ples. In addition, inspecting of average delay timing between initial
manifestations of symptoms and infection indicates that "

pre-symptomatic [virus] shedding in some cases may be typically
documented" (Li et al., 2020; Yongjian et al., 2020). In fact, it seems that
a large number of patients who are sufficiently sick and in need of
hospital treatment may themselves have been infected by people who
did not appear to be ill. By definition, asymptomatic people do not have
a significant cough or sneeze (Dhand and Li, 2020; Lednicky et al., 2020;
Kenarkoohi et al., 2020). Indirect and or direct contact modes and also
the transfer of aerosol are the main possible transmission modes. Much
of public health messages have rightly focused on the possibility of
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indirect and or direct transmission through contaminated hands, and
focus on the importance of greeting without shaking hands with others
and washing hands thoroughly. There are important reasons to believe
that aerosols play a role in high COVID-19 transmissibility (Matson
et al., 2020; Booth et al., 2005). In the 2003 epidemic, air sampling
showed that the viable aerosolized virus was emitted into the air by
hospitalized SARS patients (Booth et al., 2005; Tang et al., 2020). The
SARS-CoV-1 virus is the closest known in humans to SARS-CoV-2 which
is responsible for the COVID-19 pandemic. Recent experiments have
shown that the SARS-CoV-2 aerosol remains viable in the air with a 1-h
half-life. As a result, SARS-CoV-2 aerosol and fomite transmission are
acceptable because the virus may remain to survive and infectious in the
aerosols and on the surfaces for hours and up to days (Van Doremalen
et al., 2020). In addition to coughing and sneezing, has been shown that
both breathing and normal speech emit large amounts of aerosol parti-
cles (Duguid, 1946; Papineni and Rosenthal, 1997). Most people who
are unfamiliar with aerosols particles are completely unaware of their
existence, these exhaled particles are typically diameter about 1 pm and
therefore invisible by the naked eye. These particles are large enough to
carry the SARS-CoV-2 virus, and also they are within the correct range of
size and can be easily inhaled deep into a susceptible person’s respira-
tory tract (Yongjian et al., 2020; Tang et al., 2020; Heyder et al., 1986).
Recent studies on viral respiratory disease (such as influenza) have
shown that a viable virus can be emitted from infected peoples by
speaking even breathing, without sneezing or coughing (Dhand and Li,
2020; Yan et al., 2018). Normal and ordinary speech converts significant
amounts of respiratory particles into airborne aerosols. Experimental
research has shown that vocalization emits up more aerosols than
breathing (Morawska et al., 2009), also, a recent study indicated the
louder one speech, the more aerosols are produced (Asadi et al., 2019).
COVID-19 is a severe respiratory infection, and recent studies clearly
identified the presence of the SARS-CoV-2 in a tract of the respiratory
system (Zhu et al., 2019). So particles derived from breath and speech
may contain viruses. These particles may be due in part to the mecha-
nism of "liquid film bursting" in alveoli in the pulmonary, and or through
the vibration of the vocal cords during a speech (Johnson et al., 2011).
The findings suggest that particles and aerosols in the air reach the brain
and affect CNS health (Ehsanifar et al., 2021), with changes in the
blood-brain barrier (BBB) or leakage and transmission along the olfac-
tory nerve to the olfactory bulb (OB) and active Microglia are the main
components (Ehsanifar et al., 2019a, 2019b, 2020, 2021a, 2021b).

2. How is COVID-19 transmitted via expiratory particles?

Exhaled aerosol particles (either outdoors or indoors) transport in a
plume or puff that travels in the direction of the background air motion
(Wei and Li, 2016) but in the classic Wells-Riley transmission model, it is
assumed that the room air is well mixed (Wells, 1934; Xie et al., 2007).
The close to each other people may not transmit the virus due to the
countervailing background air movement, just as the movement of air
transmits virus-containing aerosol particles from the infected person to a
close healthy person, the virus can be transmitted to distant people
through the movement of air (Cole et al., 2020; Chia et al., 2020).
Increasing air speeds may lead to the transfer of more exhaled particles
to reach more susceptible individuals, or increase turbulence in the air,
thus diluting the concentration of particles and reducing the likelihood
of infection. In addition, exhaled droplets and particles may be depos-
ited so rapidly by gravity that they are removed from the air before
inhalation (Wei and Li, 2016; Chia et al., 2020). However, given the
large number of exhaled particles that are emitted during respiration
and speaking, and given COVID-19 high transmissibility, a face-to-face
talking with one asymptomatic infected person is an important hy-
pothesis that may be sufficient to transmit COVID-19 even if both are
careful not to touch.
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3. The importance of airborne aerosols particles transmission

An overview of why understanding airborne transmission is impor-
tant for SARS-CoV-2, based on epidemiological and prevalence data and
Knowing how the virus is transmitted is essential to know how to pre-
vent it from spreading (Morawska and Cao, 2020; Klompas et al., 2020).

Information of transmission is required to inform the interventions,
such as ventilation, mask use, physical distance, cleaning and disinfec-
tion. The four interventions general categories and their impact on
transmission are shown in Fig. 1 (Tellier et al., 2019; Morawska and Cao,
2020; Van Doremalen et al., 2020).

The role of fomites in the transmission is unclear, but the SARS-CoV-
2 is the respiratory virus that can be detected on the surfaces for 48 h or
more. According to research, the virus is also present in a variety of body
fluids. Perhaps the most worrying aspect of transmission evaluation is
that 40-45 % of infected people are asymptomatic. It has now been well
established that transmission of the SARS-CoV-2 by asymptomatic
peoples is possible (Stadnytskyi et al., 2020; Zhang et al., 2020). This
transmission makes it very challenging to track calls and fully evaluate
transfer modes. The current understanding of how the virus prevalence
is still evolving. While the SARS-CoV-2 genetically is similar to the other
respiratory viruses but these similarities are not necessarily the same in
terms of the transmission dynamics (Zhou et al., 2020; Wu et al., 2020;
Wang et al., 2020). Recognition of SARS-CoV-2 is progressing rapidly.
Also, experts’ understanding and Knowledge of virus infection are
increasing over time. For example, based on phylogenetic similarities,
the course of infection was believed to be similar for SARS-CoV-2 and
SARS (Stadnytskyi et al., 2020; Yao et al., 2020).

But after they found that the prevalence of SARS-CoV-2 in asymp-
tomatic individuals was quite different, the agency modified the
recommendation of the mask to include all people who go to public
places. Initially thought was that SARS-CoV-2 transmitted through res-
piratory droplets that an infected person produces when speaking,
sneezing, or coughing, droplets that can inoculate virus-infected mucous
membranes in people up to 6 feet apart (Yao et al., 2020; Prather et al.,
2020).

4. Airborne aerosols and respiratory viruses transmission

Respiratory viruses may be transmitted through indirect contact,
direct contact person-to-person, large droplet spray, airborne aerosol, or
a combination of all of these. Disease-carrying aerosols contain sub-
stances < 5 pm, while infectious disease physicians traditionally
consider large droplet sprays to contain substances > 5 pm at close range
(6.6 feet or < 2 m). It is generally believed that droplets and aerosols >5
pm settle within 6 feet away from the infected person who produces
them, due to gravity (Duguid, 1946; Morawska et al., 2009; Asadi et al.,
2019). Nevertheless, the use of 5 pm as a definite for these definitions is
not supported by novel aerosol science, and the creation of a false di-
chotomy between what is considered an aerosol and what has consid-
ered a droplet undermines the notion of transmission (Klompas et al.,
2020; Prather et al., 2020). The route of virus exposure is crucial to
understanding transmission. Aerosols and droplets sprayed on the body
and its mucous membranes, a kind of contact transmitter, while aerosols
particles are inhaled by the respiratory system (Dhand and Li, 2020).
This distinction now follows disease severity, infectious dose, and con-
trol strategies. At a close range, both inhalation and contact transmission
pathways are possible, but in a longer range, when the droplets have
settled rapidly transmission through the inhalation pathway is impor-
tant. According to aerosol science, the aerosol size is not 5 pm, so an
aerosol > 5 pm is inhalable and extends over 6 feet. Also, the aerosols
may be formed through the resuspension of static aerosols or settled dust
(Duguid, 1946; Prather et al., 2020). The virus is found in saliva or
respiratory fluid, which varies in size from aerosols and droplets from
0.2 pm to 100 pm. In general, these aerosols particles and drops are
produced through breathing, speaking, and talking with aerosols,
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Fig. 1. Four basic categories of interventions to reduce the spread of SARS-CoV-2 that can result in a significant reduction in the risk of SARS-CoV-2 airborne
transmission. Source control: Source control can significantly reduce, if not completely eliminate, the number of aerosols released into the air. Filtration/Ventilation:
With effective filtration/ventilation, the number of viral aerosols can be greatly reduced. Individual protective equipment and social distance: These interventions
can offer some protection by reducing a person’s exposure. Hygiene: Research indicates that the highest viral loads or positive samples can be found on the floor.

Cleaning the floor can reduce the possibility of resuspension.

coughing, and rapid drops accompanied by coughing (Dhand and Li,
2020; Heyder et al., 1986).

5. Production of aerosols and droplets by individuals and its
distribution in air

Individuals produce droplets and aerosols in a wide range of con-
centrations and sizes. The smallest airborne aerosols particles are
probably to be caused by the bursting of bronchial fluid film or laryngeal
vibrations related to singing and speech. Larger droplets and aerosol
particles are related to specific articulation movements of speaking as
well as sneezing and coughing (Dhand and Li, 2020; Stadnytskyi et al.,
2020). The majority of the aerosols particles observed in the human
breath is < 10 pm. Breathing, speaking and singing generates
~100-1000 x more aerosol (<100 pm) than droplets (>100 pm)
(Prather et al., 2020; Zhou et al., 2018). Aerosols exposure is far greater
than droplets exposure, except for coughs, at intervals of less than 0.5 m.
A large proportion of the SARS-CoV-2 transmission involves asymp-
tomatic peoples who do not cough or sneeze, suggesting that aerosol
particle exposure is an important pathway of transmission (Prather
et al., 2020). The production of aerosol is very widely for different ac-
tivities and people. For example, speaking louder than whispering or
softer talking produces more aerosol material (Stadnytskyi et al., 2020).
Activities such as singing which involves deeper breathing emit more
aerosol particles and droplets from the lower respiratory tract. More
research is needed on these changes in which respiratory aerosols are
produced and the activities that most lead to aerosol production. About
20 % of individuals produce 80 % of the aerosols in the room, while
about 10 % of the COVID-19 cause about 80 % of infections. To explain
the diversity in the production of infectious aerosols, it is necessary to
better understand the mechanisms of production and composition of
fluids that lead to different sizes and numbers. Immediately after

inhalation, due to the evaporation of water and liquids in them, droplets
and aerosols begin to shrink. This rapid evaporation reduces the size of
the aerosol particles to ~30-50 % of the initial size (Nicas et al., 2005).
The virus in aerosols or droplets is subject to biological decay because of
ultraviolet (UV) light exposure, desiccation and or other factors (Schuit
et al.,, 2020). The droplets settle quickly, while the aerosols can be
transported over long distances. These aerosols are transported by a
stream of exhaled gas emitted by individuals and can then be carried
quickly over large distances (Bourouiba, 2020; Van Doremalen et al.,
2020). In the indoor space, by reducing the velocity of the exhalation
cloud that carries them, background ventilation airflow scatters the
particles remaining in the air. Eventually, these aerosols particles "de-
posit" or land on the surfaces. If these land on sensitive cells such as in
the eyes, bronchi, distal lungs, they may cause infection (Bourouiba,
2020). That is not yet clear how many infectious droplets or aerosols are
needed to cause an infection. All breathing, exhaling, talking, singing,
coughing and sneezing, create persistence of droplets and airborne
aerosol particles suspended in exhaled air multi-phase turbulent gas
cloud. Exhaled clouds, with airborne particles and droplets of any size,
can move to 8 m if sneezing (Bourouiba, 2020; Yao et al., 2020). All
exhalations emit the high-momentum clouds with polluted droplets in-
side when breathing, talking, singing, coughing, and sneezing, but the
arrival distance is different, and the size of the aerosol and droplets
within them are different. Another pathway of transmission can be by
regeneration dust or aerosol particles containing the virus from on the
clothing or other surfaces and or on floors, as well as aerosolization of
fomites. Half of the airborne aerosols particles in a room can be due to
resuscitation by walking on the floors. Contaminated tissue rubbing
produces particles thousands, and has been shown guinea pigs transmit
viruses through their fur (Asadi et al., 2020).
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6. The size of the infectious aerosol particles and droplets and
how long they may remain infectious

SARS-CoV-2 infected humans can produce the infectious aerosols
particles that may transmit the disease after adequate exposure. The
spread of SARS-CoV-2 aerosols and disease transmission between
humans is supported by the widespread contamination and positive
results of RNA samples in air and on the surfaces detected in the COVID-
19 patient’s room at the hospital (Chia et al., 2020; Ong et al., 2020;
Santarpia et al., 2020). Although positive RNA samples indicated the
infectious virus possibility, except in sub-micron-sized particles, the
results of cell culture were inconclusive (Santarpia et al., 2020).
Recently, an important study was able to measure the infectious virus
using the "gentler" collection method (Lednicky et al., 2020). Generally,
these studies suggest that COVID-19 patients may produce aerosols with
reproducible capable intact virions in the cell culture. The half-life of
viruses in the aerosol is 1.1 h approximately. The Goldberg drum is used
to hold airborne aerosols and particles and measure the stability of the
infectious virus. With this method, founded that the SARS-CoV-2 half--
life is a little up an hour (Van Doremalen et al., 2020). In other studies,
infectious aerosols particles after 16 h found in the Goldberg drum that
demonstrating virus stability (Tang et al., 2020). UV light greatly re-
duces the stability of the virus, and humidity and lower temperatures
may increase the stability (Schuit et al., 2020). According to studies, the
half-life of the virus decreases with increasing humidity. In another
study, the virus half-life was reduced to 55 min, due to high humidity
(Matson et al., 2020; Morris et al., 2020). Studies show that in warmer
temperatures the virus infectivity disappears faster. The sunlight effect
on the coronavirus was investigated using simulation of UV light with
sunlight in spring, summer and autumn. These findings indicated that
the SARS-CoV-2 half-life was reduced to less than 10 % or 6 min
compared to that seen in dark environments (Schuit et al., 2020). Using
simulated saliva in a laboratory experiment, the virus was found to be
unstable at the high relative humidity in the tissue culture, while
another study did the opposite (Smither et al., 2020). Since there is no
data on actual respiratory secretions in human, SARS-CoV-2 in sputum
and mucus transferred to surfaces, has a fewer half-life than the
SARS-CoV-2 in the tissue culture medium (Matson et al., 2020), stability
in respiratory tract outlet aerosols is likely to be lower compared to
laboratory experiments using culture media. The size of the aerosol and
droplets containing the influenza virus on exhalation can differ
depending on the strain of the virus, and the size can affect the infection.
Studies have shown that influenza transmission was mediated by the
aerosols >1.5 m, even if 77 % of aerosols exhaled were <1.5 pm (Tang
et al., 2020; Zhou et al., 2018). Smaller aerosols particles may play a
significant role in some influenza virus strains than other strains, which
indicating strain variations in the predominant mode of transmission.
The place where the different sizes of aerosols particles deposit in the
lungs are primarily determined by the size of these aerosols, with very
fine 1 pm aerosols high probability to deposit deep in the lungs and
cause more disease with the lower dose.

7. Conclusion

Aerosols are an important transport route for SARS-CoV-2, as aero-
sols particles can contain the infectious SARS-CoV-2, and remain sus-
pended in the air for hours, which may be up to several meters
transported from the source. The asymptomatic people mostly can often
emit aerosols <10 pm in size and produce few droplets. Proving the
aerosol particles transmission path is challenging and requires further
research. Particularly, methods are needed that can sample large vol-
umes and different sizes of air without harming the virus. For further
understanding, a unified method is needed to quantify respiratory flow
propagation across studies. Also, there is a need for risk assessment and a
better understanding of transmission pathways to develop multi-scale
models (different scales at models coupling) that take into account the
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physical processes related to transmission dynamics. To better under-
stand the conditions that can increase the transmission risk, more study
is needed to determine the range of human infectious dose, the differ-
ence in contamination rate with aerosol size, and the impact of the
external factors on the disease severity. It is important to know how the
infectious dose and inoculation pathway affect transmission. Awareness
of the size distribution of viral aerosols is important in the exhaled
breath, and knowledge of the mediated aerosols size range is also
important for transmission. The limitations of the animal models must
be considered when predicting human effects. Additionally, the impact
of the repeated exposure, as well as the impact of the virus deposition
site, must be determined. For disease severity, further research is needed
on a combination of the underlying health issues such as sex, age, ge-
netic and other factors. There is limited data about sex and age and is
needed more human information to determine these factors’ effect on
the risk of transmission and the rate of infection. More aggressive
mitigation strategies should be used in high-risk populations; treatment
research should be analyzed in terms of age and gender, and other
external items such as air pollutants on susceptible individuals should be
considered. It would also be helpful to do more research in these cases:

Research on the characteristics of human-made SARS-CoV-2 infec-
tious aerosols and variability in the infectious aerosols particle pro-
duction rate from person to person. The infectious aerosols production
during illness; and the relationship between aerosol particle dose and
response via the aerosol pathway. Also, there is a need to design aerosol
collectors that optimize the preservation of intact viruses. The persis-
tence of man-made aerosols in different ambient and how to describe
these environmental items in the high-risk settings (such as dental of-
fices, long-term care centers, restaurants, bars and schools). The effect of
temperature, sunlight and humidity on the virus stability in real respi-
ratory secretions. Optimal face coverage characteristics, to support the
source control. Further understanding of the effective face coverage
strategies in the different environments for knowledge of clear public
guidance.
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